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SEISMIC SURVEYS.AND THEIR RELATION. TO OIL PROSPECTS
. "IN WAINVRIGHT AREA, ALBERTA

INTRODUCTION

During the summer of 1943 a. gelsmograph survey of an area in
Buffalo National Park, Wainwright, Alberta, and of an aree in the
vicinity of nearby producing oil wells was carried out by Heiland
Exploration Company, under the direction of Mr. A.E. Brayton, for the
0il Controller for Canade and the Deperiment of Mines and Resources,
Ottawa. Three and a half months were spent on this work, and the
seismic maps accompanying this report were prepared: Mre George Shaw
of the Geological Survey co~operated with the selsmic party., Wainwright
is 140 miles enst of Edmonton on the main line of the Canadien Nationel
Railways.

.Buffalo National Park is no longer used for park purposes, but is

e military cemp that is available for o0il and gas development under
special errengements, The area to the north of Wainwright, however, has
‘several producing oil wells, and the seismic survey in this area was
undertaken in the hope that the study of the relationships between oil
production and subsurface conditions, as revealed by the seismograph,
might lead to conclusions justifying further drilling and expansion of
0il production in this area. It is now possible to make certain deduct-
ions in regard to the more favourable areas for the location of new wells,
although the relationships between 0il accumulation and subsurface con-
ditions are not-as evident as it was supposed would be the case,

‘ HISTORY OF THE WAINWRIGHT OIL FIELD

Dr1111ng was first undertaken in Wainwright area at British
Petroleums No. 1 well, in 1922, Previously there had been drilling,
with oil (and-gas indications, in the Fabysan area, 8 miles to the west
where, in 1929, the gas wells that now supply the town of Wainwright were
completed. There seems to have been no reason for the location of
British Petroleums No. 1 well other than that it is on a pronounced bend
of Battle River Velley, but the driller, the late David Credille, had
come to Canada from Burkburnett, Texas, and had the idea that the river
bends to some extent reflected the structure of the bedrook. The first
well, however, weas not a commercial success, but sufficient oil was
" present to lead to further drilling over g considerable area, A few
wells were drilYed prior to 1930, and thess have yielded e small daily
production for many years. With the exception of one well, Weirwright
Development No. 1, drilled in 1942, there has been very little drilling
since 1930. Two areas of promise were discovered. The first of these
centred in the area 4 miles north of town and the other % mile northwest
of town in the area where the Gold Standard refinery is now located. The
first of these is the only one produoing 0il at present, although a small
smount of gas for refinery use is still obtained from two of the wells in
the other area.

GEOLOGY

The geology of Waimwright area has been described in deteil in
Geological Survey reports*.

e

T . y _
Hume, G.S.,.and Hage, C.0.: "The Geology of East-Central Alberta;
Geol. Surv., Canada, Mem. 232, 1941,

Hume, G.S.: "Oil.and Gas in Wbstqrn Canada"; Geol. Surv., Canada,
Ece Geol. Ser. No., 5, 1933,
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Except along Battle River Valléy, which is 300 feet deep in the
area north of Wairmwright, the bodrock is largely concealed by glecial drift.
In the Park aree to the southwest of the town, the surface is lorgely cov-

ered by sand hills.,

In drilling seismic shot holes, a former tributary of

Battle River was discovered in which a depth of 200 feet of sand was drilled

without completely penetrating it.

This is a preglac¢ial or interglaciel

velley that was filled by glacial materials such as are now found in the

valley of Battle River itself. '

The suocession of geologlcal formations berieath the glacial drift

is as fcllows~

Age  Formation
Upper Cretaceous Pale and Varie-
o gated beds
b
Birch lake

. .Grizzly Bear

Ribstons dreek

.

Lea Park

. Alberta

Thickness

" Valley.

About 970 fect

.near Cgar, but
. upper part

eroded in Wein-

wright area."

.

About 100 feet.,
Well exposed
along upper part’
of Battle River
Valley north of
Wainwright.

100 to 110 feet.
Exposed néar the
mouth of Grizzly
Bear Coulée.

180 to 200 feet,
Upper part ex-
posed in the
lower part of
Battle River
Lower
part exposed
near the mouth
of Ribstone Creeck
near the Saskat-
chewan boundary.

660 to 700 feet,
Exposed on Ver-
milion and Sask-
atchewan Rivers
at Lea Park.

800 to 840 feét,
Totel thickness
of Il,ea Perk and
Alberta shalé is
approximately’
1500 feet. Known
only from bore-
holes in Wain-
wright area,

' Desorigtién

Sandstones and bontonitie
‘shnles with coal seams,

. Mostly nonemarine, but

with merine shales in
the lower part of the
Variogatod beds.

AMaasifa sandstone at top

and hottom of the fore
moation with shales and
sandy shales in the
middle part. Oyster bed
at base in certain lo=~
calities,

Moerine shanles with inter-
Pedded sands. Coal seem
and ¢arbonanceous shales
at the base at the mouth
of Griz 'y Béar Coulée.

‘Sandstone prominent in

upper and lower part with
a coal secoam in Battle
River Valley, northeast
of Wairwright, Central

‘part largely shales.

Light greoy marine shales,
sandy in upper part.

Dark merine shales, sandy
et Viking gas sand horie-
zon about 130 to 140 feat
above the base, Pebbles
may oeccur ‘in the Viking
sandy gzone and in the
shales immediately overw
‘lying the Lower Cretac~
eous. 4 marked pelecypod
shell zone oceurs a few
feet above the Lower
Cretaceons contact.
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Age . Formatiop:' T';; u;?Thiékﬁcsé Y; .:‘ Descrlgtion
Lower Cretaceous ettt Variable thick=", ' “Sandstone end shales,

cew : ness accordlng " in part highly bentone
: ST "0t ‘%o irregularities.  itic. Thin coal
o of underlying . - ' scams. Also dark
o © © ' érogichial Devonian marinc shales con-

Coe R ’ surface. 250 to ‘Faining foraminifera.
S : ) " 325 feét. e
Dévonian  Thickness unknown, Limestones and dolo-
e Co ‘ ' ‘as no exposures on mites. Some variegated
Alberta’ plains “‘. _red and green shales

‘ .o B ‘South of McMurray may or may not be
L : R R 'on Athabeske Riv~_ present at the tope’
e . ‘ : _er. At ledst seve .
B eral hunidred feet .
- thick. Good poros-"
S iy, at least looally.

. P
v - * . v
H . .

% . . PRODUCING OIL AND'GAS HORIZONS

Viking San&'EQﬁivalents

-
o

The sand that produccs natﬁpal ges. in’ the Viking end Kinsella areos
west of Wainwrlght is in the Alberts shdles about 130 to 140 feet obove the )
top of the Lower Cretaceous: 'The- sand’ wheré’ drllled has becn froe of water K
and the gas i8] producéd in volumes: apparently more in direct reletionship to’
the porosity’ than t6 the'local structure. The regional dip of the formations
is %o the southwest, -and up the dip toward Weinwright area the sand becomes
replaced by sandy shales. At Fabyan, 8 miles west of Wainwright, two Maple
Leaf wells have supplied gas for the town of'Walxwrl ht for moany yecors. The
initial volume of gas from each of these wells was 1,800,000 to 2,000,000
cubic feet a day at a closed pressure of 750 pounds. The Fabyan arce, however,
seems to be the approximete eastern 1imit of productlon end it mey be that in
the Wainwright field the producing sands of the more westerly aree are largely
replaced by relatively impervious sandy shales., Shows of gas, however, are
present et this horizon, which can be recognized in the electrolog of a well
drilled recently north of Walmwright. Aside from & small production of gas, )
therefore, the Viking sand horlzon is not expected ‘to. have any value 1n
Walnwright aree.

-Upper Sand of the Lower Creotacsous

In most wells, butb not all, the top of the Lower Cretageous 1s a
sand, Gas and-oil have been en¢ountered in this o6ver & widoe area, but in
every known case, regardléss’of” structure, the base of the sand is soid to
heve carried salt weter. Ges occurs in the sand in the Viking gas field,
but production from it has never been satisfactqry and in all recently drilled
wells in that area, it is not tested. Ii.the’ Fabyan area a large flow of gas
is reported to have been encountered in this sand in Imperial-Fabyon No. 1l
well, les. 16, sec, 18, tp. 45, rge. 7, at a depth of 1,870 feet. - Water
occurred with the gas and the well was never ‘produced satlsfactorlly, although
some heavy o0il occurred in deeper sands, * In British Petroleums Noe 4 well,
drilled in 1924 in les. 13, secs 30, tpg 45, rge. 6 about 5 miles north of
Weinwright ahd. not far from the discovery British Petroleums No. 1.well, oil
flowed from theé 8-inch casing from this sand at a depth of 2, 025 to 2,036 feet,
but again the well was never produced satisfactorily. Oil h&s been noted in
this sand in many of the wells drilled at Vermilion, where cores of the top
of the Lower Cretaceous are commonly taken, and, in the Lloydmlnster area,
Shaw No. 2 well, l.s. 10, sec, 25; tp. 49, rge. 1, has produced some oil from
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this sand at a depth of 1,755 to 1,760 foet, but in this as in other places
the o0il is emulsified by mixturc with water. Vhat is believed to be the

best flow of oil ‘from this sand in Wainwright area ‘occurred in Weinwell No.

1 well, les. 9, sec. 36, tpe 44, rge. 7, about mile northwest of town and
close to the Canadian National Railway. This well was reported to have had
an initiel flow of &s much as 300 barrels e day from a depth of 2,068 to 2,072
feot, but again the well was nover produced satisfactorily. In tho same area
Wainwell No. 2 well, l.8. 15, scce 36, tpe. 44, rge. 7, had an initial flow of
gas measured at 33,000 M cubic feet a day, but the flow rapidly decreased after
. the well had been shut in. Thc reason for the decrease is unkmown, but it
might have been due to causes other than exhaustion.

These widespread occurronces of oil and gas in the upper sand of the
Jower Cretaceous are evidences that this sand could be a prolific source of oil

.J .under favourable conditions., This not only applies to Weinwright area, but to

- the entire Wainwright-Vermilion-Lloydminster district. In places the sand is
~ known to be 20 feet thick and may be composed of relatively coarse quartz sand
. grains, but there is a wide variation in different areas both in thickness and
character. In the only well recently drilled in Wainwright area, Tlinwright
Development No. 1, I.8¢ 8, 86C. 17, tp. 45, rge. 6 (elevation of well from
Kelly bushing at 2,308 feet), whore both & core and an eleotrolog were taken,
the core recovery at the top of the Lower Cretaceous was very poor, and ale-
though an oil show was present, the only part of the sand recovered was rather
hard. The log for this part of this well is as follows:

Alberta shale

Coring.started at a depth of 2,050 feet
2,060 =« 2,080 feob v.cceeveccavcasncensescssensss.Dark grey shale
2,080 - 2,090 i Peeseesenscacstosestnacneidnsseeldrk groy Shale, 4-inch
‘ sand at 2,087 and abundant -
fossil shells at 2,088,5
feete.

Lower Cretaceous

,090 - 2 100 feet -......'....--.....-...........Poor Oore recovery. Contact
. between Alberte shale and
Lower Crotaceous may be
about 2,092 feet. An 0il
show occurred in rather
, firm sandstone.
2,100 - 2,110 feet o'..aa.co..............,.........2 feet greoy and brown send.
7 feet firm sandstone with
0il and gas.
1 foot hard grey sandstone.

The electrolog shows oil content from 2,092 to 2,108 feet, with a

possible thin water sand at 2,098 feet, A drill stem test at 2,100
to 2,103 was negative. Water rose 750 feet in drill stem.,

Weinwright Sand

The mein produotion in Wainwright area has been secured from a sand
120 to 140 feet below the top of the Lower Cretaceous. In a few wells the
depth seems to be slightly greater, but in many of the.early drilled wells at
Weinwright, the information is relatively inhaccurate. In the Sasko-Wainwright
well, which, since its completion in 1929 up to the end of September 1943, has
yielded 48,493 barrels of oil, the sand is reported to have -been in two parts,
at depths of 2,225 to 2,236 feet and from 2,239 to 2,247 foet. In most of the
other wells, however, only ono sond was reéported, ranging 'in thickness from a

- few feet to possibly 10 feet or more in & few wells. The oil sand is relatively

soft, fine-grained, and heavily saturated. In one well, National Exploration,



l.s. 1, sec. 30, tpe 45, rge. 6, close to producing oil wells, the sand
carried o heavy flow of gas rcported at 14,000 M cubic feet a days The well
we.s never produced, as therOthﬂs been no morket for tho gas. :

Above the ‘einwright oil send the Lower Cretaceous ‘consists of
sandstores with bentonitic ond carbonaceous shales. One prominent carbonaceous
zonc with coel seams, probebly not very thick, is encounteroed in wells in the
Wainwright field about 30 feet above the oil sand. The carbonacoous one may
be as much as 15 feet thick. Other less prominent. carbonaccous shales are
present at various depths. It is assumed that part of the Lower Cretaceous in
Waimwright area is ma{ine in origin, &s merinc foraminifora have beon identified
from Lower Cretaceous™ in other wells drilled in this general arecs

L T T . e s e . S e e s -

1 . , ] I
Hume, G.S},_gnd Hage, Cs0.: " Geol. Surv., Canada, Mem. 232, pe 12,

Devonian Prospective Oil Horizons

' The’ Devonian, consisting mainly of dolomites and limestones with a
minor amount of shale, underlies Lower Cretaceous strate from which it is
separated by an erosional disconformity. ‘Iu many wells drilled in Vainwright
erea, mottled green and red shales occur immediately below the ‘contact, but
in other wells those are absent and Lower Cretaceocus sediments rest on Devonien
dolomites and limestones, In some of the wells drilled in east-central Alberts,
a feature Of the Devonian hes becn the high degree of porosity presont through
a considerable thickness of beds, This thickness is variable, but may' be as -

. much as 600 feet, as in Anglo-Hame Buffalo Coulée No. 1 well, 1. s. 16, sece 26,
tp. 47, rge. 7, W. 4th mer., where the porous beds constituted a very‘consider-
able part*df‘the section penetrated. The porosity appeared to be closely
associated with dolomites. Limestones were generelly more compact and tight,
although crystelline beds showed porosity. In ‘some insténces, the pores are
small vugs up to £ inch in diameter, as in the Pacalte well, l.Se 3, sec. 5,
tpe 48, rge. 5, at a depth of 2,370 feet, or 40 feet below the top of the
Palaeozoic. The porous zones in the upper part of the Devonian section of a
few wells have been oil stalned but up to the present. no production has been
socured from theso beds- 1n east-central Albertes -
In Weinwright area porosity in the Devonian has not been so merked as

it hes been in some wells in adjoining areas. In the Admiral Well, l.s, 16,
secs 36, the 44, rge. 7, the top of the Devonian, encountered’ at o depth of
2,360 feet, consisted of 30 fect of green and maroon 'shales underlainm by 130
feet of magnesium limestones. DBelow this the beds are white limcstones to a
" depth of 2,590 feet, where therec is a change to darker dolomitic beds to the

‘bottom of the well at 2,698 feot. The only porosity that can be observed in

* the samples is in the lower 100 feet of dolomitic beds, but this is moderately
good. In drilling the well circulation was lést from 2,617 to 2,673 feet.
This indicates good porosity.

In the Montreal Alberta weéll, l.se 2,. sec, 15, 'tps 45, rgee 7
(elevation of well 2,211 feet), o Palaeozoic section has becn drilled from
2,321 feet to thte bottom of the well at 4,647 feet, or a ‘total of 2,326 feet’
of beds. No information is available as to the exact age of the lower part
of these beds, although presumebly the upper part is Devonian. In this well,
which is only 3 miles from the Admiral, there are no greenish and maroon shales
at the top. of the PalBdozoic, and Lower Cretaceous strata rest on light grey
limestones with a small amount of dark grey shales. The limestones ore pertly
highly erystallime and these beds ‘are porous., The 1light ‘grey liméstonés con-
tinue to a depth of 2,620 feet, where they become darker and contain a minor
amount of dolomite and a '‘considerable amount of calcareous greenish shale to ' -
e depth of 2,660 feet. From this depth to 2,685 feet the limestone is crys-
talline. Water 'is reported to have occurred at 2,475 feet, rising to 900 -feet,
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and agein ot 2 685 feet, ris1ng to 500 feet., From® z, 685 to 2, 890 foot, "the
beds are greenisﬁ caleareous ,shales W1th grey limestofies, but mostly the shales
predominate. Below 2,890 feet and down to 3,390 feet, the beds'are mainly
brown limestones with greenish shale bands. In the well an.oil show was re-~
portedl at 3,380 to 3,390 feet, but there is no evidence of this in the samples,
No witer or 0il is known to have oocurrei below this depth.

1

Beqch,“ﬁ K.: "Schedule of Tlells Drilled for 0il and Gas to 1941" Dept.

.. of Lands and Mines, Edmonton, Alberta.

[

i B . ks

i

~—-- - .. From these widespread evidences of porosity it seems reasonable to . ...

expect that reservoir rocks will be found in the Devonian of Walnwrlght aren,
and that thesé under favourdble structural conditions could yleld oil.

The attltude of the bedding of the Devonlan in the eros;onal knobs
is assumed to be relatively flaty but very little information from cores in
Woainwright area is available., It is not possible to-correlate such cores as
have been obtained; for example, cores from the Admiral well cannot be corre-
lated with samples from the Montresl Alberta well even ‘though these wells are
only 3 miles apart. For oil that originated in the Devonian, the conditions for
acoumulation in the porous beds of the buried knobs would be across the bedding
plenss or elong the erosional unconformity. Presumgbly oil could also migrate
into the .Devonian porous beds from the lenticular sands of the Lower Cretaceous,
which ‘in¢line upwards and abut against the Devonian knobs. It would seem
p0581ble, therefore, W1thout having actual anticlinal conditions in the Devonian
beds themselves, to liave the erosional knobs acting as structures for the re-
tention of o0il, 'In régard to the overlying Lower Cretaceous the gnticlinal
conditions are provided by the deposition around and thé settling of these beds’
over the Devonian erosional masses.

.

* PRODUCTION IN WAINWRIGHT AREA

4

Twenty-five wells have been drilled in Wainwright area. Five'of
these are = to § mile northwest of  town, close to the Canadian Nationel Railway;
three are scaettered to the north and northwest within 1 to 3 miles of town;

‘and most of the remainder are on & northwest and southeast trend about 3 miles
northeast ‘of town. Among the latter group are the only wélls that now ere pro-

Other wells

 LeSe 6-30=45=6

11,775

ductivé, The récord of production is'as follows:
Well ~ Location Completed Production Production Total Pro-
s ' to end of ‘Jane to duction
1042 “ Septs 30, to Sept.
_ . : 1943, 30, 1943.
Feet ) Bbls ° Bbls . Bbls *
Bethwain No. 2 L.s. 16-4-45-6 1,931 at 2,305 ° 4,536 634 5,170
' Edmonton Wainwright LIs. 4-29245-6 1,926 dat 2,274 33,848 1,793 35,641
(Hargal 3B LeSe 4-29-45-6 1,925 at 2,250 33,883 5,169 39,052
{British Petroleums
(88 '
Sasko Weinwright L.s. 1-19-45-6 1,929 at 2,247 46,239 2,254 48,493
Wein-Con. (Onalta) LS, 8-20-45-6 1,930 et 2,232 31,774 2,202 33,976
Wein. Devalopment LeSs 8-17=45-6 1942 at 2,369 1,117 1,030 2,147
' ' Plugged back to : : '
© 2,236,
Wain Petroleums 1,930 at 2,252 8,001 493 8,584
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The grade of oil produced is 18° to 22° A.P.I, Hargal 3B well, after being
cleaned, has been produclng slightly more. than 600 barrels & month for several
months.

P
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THE SEISMIC MAP .
. . AR . - AR S
‘The reflection seismic method as used in Wainwright area has been
described by A.E. Brayton,,who wo.s in charge of Helland geophysical operations
1n Walnwrlght area, as follows . ‘
"This method records mechanically by means of a combined electrical
_.end photographic process. the travel times ofsartificially propagated seismic
'waves, travelling from the surface of the earth.to the various étrata beneath,
whlch, by reason of their vaeriation of physical properties, produce a change
in “the veloclty of travel of these waves. Any marked variation in the velocity
of these waves as théy travel through these strata, causes a portion of the
wove energy to be reflected back to the .surface..of the earth from the strata
respon51ble for such veriation. - '

~ "These srtificial selsmlc Wwaves are produced by an exp1051on of a
charge of dynamite specially manufactured for this work. Charges of varying
quentities are exploded in drilled holes at depths which vary fnom 30 .teo 300
feet. . v o . ..

. "The wave energy reflected from any stratum is picked up by means of
sensitive electrical detectors placed at fixed intervals in a straight line on

) the surface of the earth, and tronsferred. through wire conductors as electriocal
energy to & methanical photographic recordlng apparatus. ' This final. photogrephic
record of the times of travel, Qf these waves from the bottom of the shot holes

to the various® strate and return, appear in graphic form and comprise what is
known as a séismogram. Several of these seismograms are usually recorded at each
shot-point. By means of an lnterrupted beam of light at exact intervals of one-
"hundredth of one second vertical lines appear across the seismograms which
provide an exact means for the computlng of these travel'tunes ip terms of one-
thousandth of one second. Aftor an adjustment to a common detum plane and other
correctlons have been applied to these observed times, we have an actual physical
measurement in terms of time from the surface of the, earth to.any strate beneath
capable of providing a refleection. When the travel times, of the seismic waves
whioch have been reflected’ from the same horizon are plotted on-a map, and cone
tour lines are drawn through points of equal value, a plctureanf the reflectlng
horizon is the result.

"Finally by other means, velocities of these travel times are deter=
mined end the times are thén converted into depth in feet. These depths, when
plotted and contoured, form a subsurface structural map. of, the reflecting
horlzon in terms of actual depth in feet." : :

It should be clearly understood thet the meps aooompenying this report

(See Figures 2 and 3) represent the configuration of the probable Devonian
' er051ona1 surface beneath Lower Cretaceous strata. The maps are based on the
velocity ‘determined at the Admirel well, l.s. 16, sec. 36, tp. 44, rge. 7, which
reached the top of the Palaeozo;o limestone at 2,360 feet.. . No correction for a '
sllght change in velocity has been made for the record at Weinwright Development
well, l.5. 8, sec. 17, tp. 45, rge. 7, which reached the. top of the Palgposcio

at 2,330 feet, or 22 feet below sea-level. On the mep (Figure 2) tho Wainwright
Deve10pment well locetion is shown as =0l feet, which is the depth calculated
from the assumed veloclty es dctermined at the Admiral well., This slight change
in veloclty which occurs betwecn the two wells in no way, alters the relationship
of ons shot p01nt to another, and thus does not change the shape of the Devonian
surface as deplcted by the map, although there is a minor difference in actual
and calculated _depths at the walnwright Development well.
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The maps show three crosional hiéh areas:

(a) A large area in the northeast corner of Wainwright
Buffalo Park with small closure to the northeast mede
by & poorly defined syncline parallel to the Canadian
National Railway and rising again northeast to

(v) & welledefinod Devonian knob, the top of which covers
approximately 1 square mile about 3 miles northeast of
Weinwright station

(¢) A very pronounced buried Devonien knob half in the southe
onst corner of Buffalo National Perk and half adjoining
the park on the south. This structure is approximately
half way between Wainwright and Czar,

For convenience it is proposed to call the erosional high area within the
northeast corner of Buffalo National Park and extending into secss 4 and 5,
tps 45, rges 7, the "Mott Lake" structure, from Mott Lake in the park, and to
nome the Btructure 3 miles northeast of Wainwright the "Aykroyd" structure
after the late Richard Aykroyd, o pioneer in the Weinwright country, who owned
secs 17, tp.-45, rge. 6, the south part of which is on the high part of the
structure. It is also proposed to call the south structure the "Vele" dome,
from the municipality of Vale in which the structure occurs.

In the selsm1c survey it was hoped to obtain reflections from other

" horizons than the erosional Devonian surface. .In the records, according to
Breyton, 2 reflection was observed that orlglnated from strata believed to be
very near the contact between Upper and Lower Cretaceous beds, but the relfecte
jon only occurred intermittently and after checking the interval this relfection
was found to be conformable with the Devonian surface where it is comparatively
flat and diverged from it wherc the Devonian surface has a sharp inclination.
This indicates that the Lower Cretaceous beéds are lenticular in part, thinning
toward. the buried Devonian knobs and thickening away from them in such a way

es to form favourable stratigraphic traps on the flanks, This deduction from
the seismic records is supported by informetion from drilled wellse. Wainwright
Development No. 1 well is on the north flank of the rather prominent erosional
Devonien maess, herein cealled the Aykroyd structure, and in it the Lower
Cretaceous strata are 238 feet thick, whereas in the Admiral well drilled in

® lower Devonian erosional area they are 306 feet thick. This is a difference
of 68 feet in slightly more than 3 miles. As would be expected, however, this
difference is less than the difference in slevation of the Devonian surface,
which in the case of these two wells amounts to 112 feet. This means that
Lower Cretaceous sediments, probably laid down on the erosional surface with

a depositional dip, in part at least filled up the low areas before the sedi-

. ments covered the tops of the Devonian knobs. Such a condition would tend to
develop lenticular beds with the thin edges toward or lying against any high
area, Thus, there are probably better stretigraphic traps for the accumulation
of 0il and gaes in the lower part of the Lower Cretaceous than in the upper part
where the beds are more likely to be continuous over the whole arca, as seems
to'be the case with the productive Wainwright sand, 120 to 140 feet below the
top of the Lower Cretaceous, It is proheble, however, that the low areas of
the erosional floor were not filled uniformly level before the higher parts
received some sediments, so that presumably there is not only a slope away
from the high areas, due to depositional dip, but this has been increased by
~greéateér shrinkege due to compaction in the areas of thicker, sediments., It is
inferred that this has resulted in a dip in the Lower Cretaceous in all directe
ions away from the buried Devonian knobs, Under such conditions it is apparent
that such a structure might show considerable closure within the Lower Cretaceous,
‘whereas the amount would tend to decrease upward.in the Upper Cretaceous and

. show only a slight structure in the surfece beds. From the seismic records, as
well as such information as is availeble from the thickness of the Lower Cre-
teceous, it appears, therefore, that the erosional Devonian knobs have caused
structural conditions favourable for oil and gas accumuletions in the Lower
Creteceous: sediments in which they are buried. Similar structures over buried
hills have given prolific oil production in meny areas in the United States.



-
. MOTT LAKE STRUCTURE e A

- The Mott Lake structure (See Figure 2) is mostly within the
northeast part of the park, but extends into sections 3, .4, and 5 in township
45, range 7, where -the highest known pert occurs. It was hoped to find a
structure within the park suitable for drilling for natural gas for the Wein-
wright Military Cemp, but in-this respect the part of the Mott Lake structure
in proximity to the camp was not considered sufficiently attractive as the
. .closure of the whole structure to the northeast is. small. . In this area it is
probable that the Viking gas horizon will be represented by only sandy shales
from which the yield of gas would be insufficient to. justify the drilling
costs,-and the gas prospects of the Lower Cretaceous, are nowhere reliable in
the Wainwright area.™ ° .

. In regard: ‘$o oil’ prospects ‘the hlgher northwest part of the Mott Lake
structure niay have some merit as being sufficiently -high to cause the Lower
Cretaceous sediments to dip away from it, but drilling on it cannot be re-
commended unless production on the still better Aykroyd structure is obtained.
Only one wéll has been drilled in the v101n1ty of .the northwest part of .the
Mott Lake structure. This is Beaumont No. 1 on l.s. 1, secs.10y tp. 45, rge.
7. This location is in reality close to the bottom of a syncllne that is
parallel to the Canadian National Railway. In it the top of the Lower Cre-
taceous was encountered at a depth of 2,035 feet and the WElnwrlght oil sand at
a depth of 2,162 feet., The ihitial y1e1d of oil was very small and the well
has never been produced. From ‘the seismic map it would be expected that the
top of the Devonian on the high part of the Mott Lake structure would be
epproximately 60 feet higher than at the Beaumont No, 1 location. The amount
of closure of the Mott lLake structure to the northeast is apparently very small,
as the depression in the Devonian surface in the vicinity of Beaumont No. 1
well disappears to the southeast. PR :

l

-t ‘ AYICROYD STRUCTURE Cep

The Aykroyd structurc (See Flgure 2) 1s e pronounced buried Devonian
knob.thet is-expected to have given & cons1derable emount of  doming in the Lower
Cretadeous strata in its vicinity. Only one well, Welnwright Development No. 1,
l.se 8;°8ece 17, tp. 45, rges 6; has been drilled.in proximity to the top of the
structure, but even this is’some distence down _the north flenk., If the seismic
map indicates epproximate’ conditions, &8 is believed to be the case, then there
are about 1,000 acres of Devonian strata in the structure higher than their level
in the well. This is considered important in view of the fact that a sllght oil
stalnlng occurred in a dolomitic streak 1n the core taken between 2,3353 % and
2,348% feet. In the core between 2,353% and 2 5695 feet there wus dolom1to—~
W1th mnny vugs and circulation was lost at 2,369% fest, 1ndlcat1ng considerable
porosity.. About 640 acres, or 1 square mile, of the -Aykroyd-structure, as” shown’
by the seismic map, are 20 feet or more higher than the Wainwright Development
well, so that the oil prospects appear to warrant at least one test of the
Devonien on the high part of the structure. The Wainwright Development well
encountered .the top of the Devonian.at a depth -of-2;330-feet and was discortinued
at 2,370 feet. It was plugged back to produce from the Weinwright sand, which
occurred at 2, 232 feet. o e

3 ..In the Weinwright Development weil the Wainwright -sand was not more
than 6 or 7 feet thick and production of oil was less than 10 barrels, a, day.
The smell thickness of sand mey be sighificent in relation to the structure,
as all sands would be expected to be less thick over or-¢lose to the crest of
the Devonian knob then at some distence from it. The better production obtained
from the Sasko-Weinwright, Edmonton-Wainwright, and Hargal 3B wells could be
related to their position away from the high part of the. Devonlan, ‘with the
consequent thicker productive Wainwright sand. The irregularltles on the north
and horthwest flenk of the Aykroyd structure, however, are such that definite
oonclu51ons are 1mp0351b1e, although it can hgrdly be a coincidenco that the
best wells in the Lower" ‘Cretaceous beds are down the flenks rather than near
the top of ‘the strudtureé. From the drilling of the Wainwell wells in &
relatively low Devonian area it is obvious there is a limit to production down



tho flanks. Except for Wainwell No. 1 well, whidh had o0il in the top sand of
the Lower Cretaceous, and for a large but quibkiy dissipated flow of gas from
Woinwell No. 2 well in the Waimwight sandj the drilling in this area gave

negative results, Altogether six wellsjy cotiphising Wainwell Noss 1,2, 3, and

..."4, Admiral No..l, and Beaumont No) 1 wells; were drilled in much the same

structural position, with the Admiral WGli testing ‘the Devonian under conditions
- that the seismic map indleates are adverse Por productlon. L8 none of these
“wells yielded oil from the Whianight sand it is “inferred they are too far down
- the flank of any erosional high’ Devonlan knob «

- q . A
: The'produotion achieved ﬁy such wells%ﬁs~3dsko;Whihwright, l.s. 1,
sec. 19, Hargal 3B and Edmonton Whihwright, lese 4, secs 29, and Wainwright
Consolidated (Onalta) well, lese 8, sec. 20, and their relatlon to the
struoture as shown by the seismic map points to the’ conclusion that section 20
is as favourably located for LoWer Creteceous production as can be chosen in
Woinwright aree on the basis of present informetion. Production at the rate
of 600 barrels a month is currently being yielded by Hargal 3B well after
intermittent production over a period of 18 years amounting to more than
39,000 barrels in an ares where this well and Edmonton Weimwright, both in the
same legal subdivision, have produced nearly 75,000 barrels of heavy oil.

In conclusion, it oppefrs that the Aykroyd structure offers some
prospect of production in the Devorian and that wells at least equal to those
now in production are posszble in certain areas, particularly in sec, 20,
tp. 45, rge. 6. :

VALE DOME

This is the largest and best defined erosional knob of Palaeogoic
strata, presumably Devonian, known in Weinwright aree. (See Figure 2). The
minimum closure of the erosional surface is probably to the north or northe-
west and this is at least 100 feet.

In the Northwest Tit Hills well, l.s. 10, sec. 17, tpe. 39, rge. 7,
southwest of Czer, light grey dolomitic limestone, also presumably of Devonien
age, was encountered at a depth of 3,240 feet or 973 feet below sea-level.
Lying on this limestone are 390 feet of beds consisting mostly of white quart:z
send with some calcareous meterial end chert frogments. The age of these beds
has always been in doubt, but as previously suggested1 e.."it is possible that
this sandstone to a depth of 3,240 feet, where it is sharply divided from un-
doubtedly Palaeozoic limestone, is an erosion product deposited on the
Palaeozoic floor prior to the deposition of the Lower Cretaceous." Materiel
similar to this is not known above the Devonian in Weinwright area, but is

!
Hume, G.S.: O0il and Gas in Wbstern Canada, Geol. Surv., Cenada, Ec. Geol.
Ser. No. 5, p. 222 (1938). .

present in some wells in the vicinity of Lloydminster where, in Altoba No. 2
well, sec. 29, tp. 47, rge, 26, W, 3rd mer,, it is 190 feet.thicka. As this

4 i ) ,
Hume, G-Sa, and H&ge, C.O‘.': ” GeOl. Surv.‘ Cana.da’ Meln. 232’ PQ 14 (1941).

material, present in the ‘Northwest Tit Hills well, disappears to the north

toward Wainwright, the logical place for it to lens out is agalnst the Vale dome,
in which case it will form en oxcellent stratigraphic trap for oil. The seismic
information indicates that the top of the Devonian in the Vele dome is at 130 feet
below sea=level. This should only be regarded &8s an approx1mate depth as the
velocity on which it is based was carried fram the Admirel well at Wainwright
without a closed traverse. The top of the limestone in the Northwest Tit Hills~

455
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woll. is:973 feet below sea-levol. Thus the difference, or southerly slope,

is approximately 840 feot in 20 miles or at the rate of more than 40 feet

to the mile, It is inferred, however, that the slope in the vieinity of the
Vale dome, where the material laps up against it, will be locally considerably
steeper than this-and will decrcase awey from the dome. Tho material is
composed mostly of clean, fairly coarse quartz sand, and the inference is that
it would meke an excellent reservoir rock for oil under conditions that are
considered to be highly favourable for accumulation.

In regard to production in the Wainwrlght send it is assumed that
there will be a very considerable dip of all Lower Cretaceous beds away from
the Vale dome. The thickness of Lowe# Cretaceous beds over the Vole dame
cannot be predicted, but it is possible it might be less than in the Wainwright
Development well where it was only 238 feets At Northwest Tit Hills well there
are 410 feet of Lower Cretaceous strate above the 390 feet of beds that are
considered here to be the weathering product lying on the Palfidozoic limestone.
Under these coriditions it is difficult to prediot the rate of dip on the top of
the Lower Cretaceous away from the Vale dome, although 10 to 20 feet a mile with
the steeper dip nearer the dome is a reasonaoble assumptiond This dip would be
tuite sufficient to provide a structure favourable for the acoumulation of oil
in any sand within the Lower Cretaceous.

In regard to the prospects of production in the Dovonian on the top
of the dome there is very little information on which to base a ‘conclusion. The
Northwest Tit Hills well southwest of Czar is reported to have had a show of
0il a$73,260 feet in the top of the limestone. This would seem to be ef very
considerable importance in relation to the prospects of the Devonion in the Vale
dome where the top would be expected to be about 800 feet higher. The dip of
the limestone beds, however, is unknown, but is assumed to be southwest in the
direction of regional dip. This would favour an accumulation of any oil present
in these beds toward the Vale domee The stratigraphic horizon in the Devonian
in the top of the Vale dome cannot, however, be predicted in relation to the
stratigraphic horizon at the top of the Devonian in the Northwest Tit Hills
well, where dolomitic beds at a depth of 3,320 to 3,450 feet show in part
goou und in part high porositye There is thus no certainty that this same
condition will be found in the Devonien of the Vale dome, but in view of the
fact that porosity in the Devonian is so widespread in wells drilled in
easteoentral Alberta the expectation is that similar conditions will occur
here. It is, therefore, inferred that the Deyonian in the erosional high
Vale dome offers a resonably good prospect for oil.

In conclusion, it would seem that the oil prospects of the Vale
dome justify testing by: (1) a well into the Devonian on the high part of
the structure; (2) a well at some distance down the south flank to test the
up dip position of lenticular sands that are here assumed to be the weathering
product of the Devonian and rest directly on it in the Northwest Tit Hills
well, where they are 390 feet thick; and, (3) & well on the north flank to
test the Walmwright sand 120 to 140 feet below the top of the Lower Cre-
taceous. The deepest of these wells should not exceed 23800 to’ 3,000'feet
depending on the elevation of the surface.

In making these three tests the Lower Cretaceous should be contimue
ously cored so that the upper sand of the Lower Cretaceous and thc Vainwright
sand will be penetrated in all three wells.

The testing of the Vale dome is considered importent in that pro-
duection from it would establish the presence of o0il on a type of structure
that may be quite common in this part of east~central Alberta.

AVAILABILITY OF SEISMIC DATA
A1l seismic records made in the survey of Weinwright arec are

available for examination and study at the offices of the Geological Survey,
Ottawa.,
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Figure 1. Index map showing BUFFALO NATIONAL PARK and
adjoining areas, West of Fourth Meridian,Alberta.
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